Abstract. The 520 nm light-induced absorbance change in wild-type and 4 mutant strains of Chlamydomonas reinhardi was investigated. In the wild-type strain the absorbance change is composed of at least 2 components, P520 I and P520 II, sensitized by Systems I and II respectively. Some of the properties of these components can be studied by using the appropriate photosynthetic mutant strain. A group of mutant strains modified in the photochemical complex of System II shows only the P520 I absorbance change, whereas a mutant strain deficient in active P700 exhibits only the P520 1I absorbance change. The possible relationship between these absorbance changes and the photosynthetic electron transport pathway is discussed.
The light-induced absorbance change with a maximum in the 515 nm to 520 nm region in green plants was first discovered by Duysens (8) who observed that upon illumination with red light, whole cells of Chlorella gave an increase in absorbance at 515 nm. Chance and Strehler (6) showed that this absorbance increase could be obtained by the oxygenation of anaerobic cells in the dark. They attributed the change to a carotenoid since it is absent in a muttant strain of Clhlainydomnonas reinhardi which lacks carotenoid (5, 25) . Witt and his co-workers (22, 27, 28) observed that, under certain conditions, the absorbance change is sensitive to 3-(p-chlorophenyl)-1,1-dimiethylurea (CMU) and that it has a System II action spectrum. Thev concluded that the absorbance increase at 515 nm is due to a change in chlorophyll b absorption and that this change could be used as an indicator of the operation of System II (28) . On the other hand, Rubinstein and Rabinowitch (24) and Kok, Cooper, and Yang (16) have found that the change is sensitized by System I. These apparent contradictions were resolved by Rubinstein (23) who demonstrated that different responses at 520 nm could be obtained under different experimental conditions. Under aerobic conditions the absorbance change is partially sensitive to 3-(3,4-dichlorophenyl) -1,1-dimethvlurea (DCMU), whereas under anaerobic conditions, it is insensitive to the inhibitor. He therefore concluded that the absorbance change at 520 nm is dtue to both Systems I and II. These results were confirmed 1v Govindjee and Govindjee (14) , and Fork and de Kouchkovskr (10) . The latter workers also reported that there were no antagonistic effects of red and far-red light on this change.
In this paper we will present the results of an investigation of the 520 nm absorbance change in the wild-type and for mutant strains of C. reinhardi. The results will be discussed in terms of the series formulation in photosynthetic electron transport.
Materials and Methods
The wild-type and 4 mutant strains of C. reinhardi were used in these experiments. The strains ac-ii5 and aC-I4I were derived from the parental strain by UV irradiation, and their photosynthetic properties have been described (18) (19) (20) (4) .
Cells of the wild-type anid mutant strains were grown in 300 ml portions of tris-acetate-phosphate (TAP) medium under conditionis prieviously described (19) . Cells were harvested during the logarithmic phase of growth and resuspended in fresh TAP medium. Chloroplast fragments were prepared according to the methods of Gorman and Levine (12) .
Light-induced absorbance changes at 520 nm
were measured with an Aminco-Chance dual-wavelength spectrophotometer. (12) .
It was found in the course of the experiments that a partially purified preparation of ferredoxin-NADP reductase (Fd-NADP reductase) from the wild-type strain of C. reinhardi improved the rate of NADP photoreduction when included in the reaction mixture. Therefore, an excess of the enzyme was used when the photoreduction of NADP was assayed.
The method of Gorman and Levine l(13) for the purification olf plastocyanin from C. reinhardi was used for the preparation of the Fd-NADP reductase.
This en!zyme was eluted from the DEAE cellulose column by 0.05 M phosphate buffer, pH 7, during the first step of the purification procedure.
PHYSIOLOGY
The activity of the Fd-NADP reductase was assayed by a procedure similar to that described by Avron and jagendorf (3) . The total volume of the reaction mixture was 1.0 ml, and it contained the following components in ymoles: potassium phosphate buffer, pH 7.0, 50; DPIP, 0.05; and NADPH, 0.1. The NADPH was omitted from the control sample. The reaction was started by the addition of the enzyme, and the reduction of DPIP was followed at 600 nm using a Cary model 14 recording spectrophotometer. The temperature during the assays was 250.
It was found that 50 milliunits (mU) of the enzyme preparation was an excess for the photoreduction of NADP by chloroplast fragm,ents. One unit (U) of Fd-NADP reductase is defined as that amount which will catalyze the reduction of 1 Mmole of DPIP per min at 250.
Chlorophyll was determined by a modification (2) of the procedure of Mackinnev (21) .
Results
The 520 nmn Light-induced Absorbance Changes in Whole Cells of the Wild-type Strain. When cells of the wild-type strain of C. reinhardi are illuminated under aerobic conditions with 650 nm light which activates both Systems I and II, there is an increase and then a decrease in absorbance at 520 nm ( fig  l,a' ). Following the illumination, there is always an overshoot of the dark base line. With 720 nm light which primarily excites System I, there is also an increase in absorbance (filg la), but the kinetics of the absorbance change are different. The time course of this change shows an initial fast increase followed by a slower increase in absorbance of small magnitude. Also, there is no overshoot of the base line after the illumination.
The effects of DCMU upon these changes are shown in figure 1, b' Figure 2 shows the 500 nm to 545 nm region of the light-minus-dark difference spectrum of an aerobic suspension of the wild-type cells. The difference spectrum obtained with 650 nm actinic light has a peak at 518 nm. This is in agreement with the results obtained by Chance and Strehler (6) for the wild-type strain of C. reinhardi.
The effects of DCMU upon the 650 nm-induced absorbance change suggest that in the absence of this inhibitor the absorbance change may be sensitized by both Systems I and II. If this is true, then mutant strains that lack System II activity should exhibit the 520 nm absorbance change sensitized by System I. Conversely, mutant strains deficient in System I activity should show only the absorbance change sensitized by System II. (17) ]. The fluorescence properties of F-34 have not been studied.
The 520 nm absorbance changes were investigated in these 3 mutant strains, and similar results were obtained with each. Figure 3 The light-induced absorbance changes of cytochrome 553, cytochrome 559, and P700 were investigated with chloroplast fragments using the methods previously described (11, 19 For the Hill reaction with DPIP the reaction mixture (1.0 ml) contained chloroplast fragments (10 ,ug chlorophyll) and the following in ,umoles: potassium phosphate buffer, pH 7.0, 10; KCI, 20, MgCl.,, 2.5; and DPIP, 0.05. The DPIP was omitted from the control reaction mixture.
For the Hill reaction with NADP the reaction Imlixture (1.0 ml) contained chloroplast fragments (10 ,ug chlorophyll) and the following in ,umoles: potassium phosphate buffer, pH 7.0, 10; KCl, 20; MgCl.,, 2.5; ferredoxin purified from wild-type C. reinhardi, 0.005; and NADP, 0.5. About 50 mU of Fd-NADP reductase was also included in the reaction mixture. For the photoreduction of NADP using the DPIP-ascorbate couple the reaction mixture contained, in addition to the above, the following in ,umoles: DPIP, 0.05; sodium ascorbate, 8; and DCMU, 0.02. The reaction was run in a cuvette placed in the sample compartment of the spectrophotorneter. Ferredoxin and NADP were omitted from the control reaction mixture in the reference cuvette.
The temperature during the reaction was 25°. 4 . The 520 nm light-induced absorbance change in whole cells of F-1: (a) and (a') control sample; (b) and (h') aftei-the addition of DCMU (1.2 X 10-5 Mr). Chlorophyll concenitratioin 75 ug/ml Preceding dark time 10 mni. Gas phase air.
followed by a fast decay in the light and an overshoot of the base line after the illumination (fig 4,   a' ). This increase in absorbance can be abolished by the addition of DC-MU (fig 4, b' ) indicating that the change is sensitized by System II. No absorbance change is observed with 720 nm illumination.
Discussion
The results reported in this paper suggest that the 520 nim absorbance change in the green alga C. reinl/mardi is sensitized by both Systems I and I. In the wild-type cells, the absorbance change is composed of at least 2 components: P;520 I and P520 1 1 associated witlh Systemiis I ain II respectivelv. The P520 I absorbance change is observed in the DCAIU-treated wild-type cells as wvell as in mutant strains miiodified in the photochemiical com11-plex of System II (fig 1 b' and fig 3 a') . The time course of the absorbance change shows anl initial fast transient followed by a slower increase in absorbance. The P520 II absorbance change, on the otlher hand, shows different kinetics in red light.
The absorbance increase exhibits a decay-in the light followed by an overshoot of the base line after the illumination (fig 4 a') . This is observed in a mutant strain lacking active P700. the reaction center chlorophyll of System I.
Althouigh several hvpothese have been proposed (10. 27, 28) the exact mechanism by vhich the 520 nm absorbaince change is coupled to the photosynthetic electron transport pathway still remains unclear. Illumination of cells with either red or far-red light restults in an increase in absorbance, and no antagonistic effects similar to those found with cvftochromes 553 andi 559 have been observed ( 19) . Therefore, the pignlent(s) that are responsible for the absorbance change do not seem to be situated directly in the path of electron transport from water to NADP. This contenition is further suipported by the observation that mutant strains in wlhich electron transport is blocked still slhow this change on illumiination. Furtlher-miiore, chloroplast fragments prepared after the son1ic disintegration of cells canl photore(ldlce NADP but they (l not slhowN, tlhe 520 nm absorbance change.
Fork and de Kouchkovsky (10) suggested that part of the absorbance change may be associated with the primary reaction of System II. However, show that the 520 nm change of F-1, a mutant strain deficient in active P700, is completely abolished by DCMU ( see fig 4 b') .
(2) The photochemical complex of System II in the mutant strains ac-iI5 and aC-I4I has been shown to be nmodified (17) . The primarv reaction of System II which still functions in DCMU-treated wild-type cells becomes inoperative in these nmutant strains. According to the hypothesis these mutant strains should show a 520 nm change different from that of the DCMU-treated wild-type cells under red light illumination which activates both photosystems. However, the results reported in this paper point to the contrary. With 650 nm actinic light, the time course of the 520 nm absorbance change of these mutant strains is similar to that of the DCMUtreated wild-type cells (compare fig 1 b' and fig  3 b') .
Experiments reported elsewhere (7) concerning the effects of the redox level on the absorbance change have led to the suggestion that the P520 I change may occuir in association with a photo-oxidation and the P520 II chanige with a photoreduction. The identity of the pigment(s) responsible for these changes is unkniown as is indeed the case for the 520 nm absorbance change in green plants in general. Several pignments including chlorophyll b (9, 27, 28) and carotenoid (5, 6, 15) have been suggested as possible candidates. In our experiments no attempts were made to establish the identities of the pigment(s) responsible for the P520 I and P520 II absorbance changes. Both changes might be mediated by the same pigment or by 2 different pigments. The differenices in kinetics of the 2 changes under red light illumination suggest that 2 different pigments are inxvolved. However, the alternative of a single pignment cannot be ruled out since the different characteristics of the 2 absorbance changes can be explained if it is assumed that the same pigment is located in 2 different physico-chemical enxironments, 1 associated with each photosystem.
The precise mechanisms bv which the 520 nm absorbance chang e is brought about in green plants remain largely speculative. In the purple photosynthetic bacterium. Rhodopseuidoniionas spheroides, ani absorbance chanige at 520 nm hals been attributed to carotenoid, and it was found that 1 quaintumii of light brings about the shift in absorbance of 3 carotenoi(d molecules (1) .
If a similar mechanism were operating in the 520 nm absorbance change in green plants, then the change itself cannot be due to a redox reaction. Perhaps it is brought about in response to a change in the mnolecular environment of the pigment(s) (26) as a result of electron transport through Systems I and II.
